Presence
of Monoaminergic Neurons in the Spinal Cord and Intestine of the Lamprey, Lampetra japonica* (Received September 9, 1970) It is said that the lamprey has no commissural sympathetic chain (NICOL, 1952; JOHNELS, 1956) , although visceral efferents from the vagus are described (JOHNELS, 1956) . It is not clear whether the visceral efferents coming from the spinal cord emerge from the dorsal or ventral roots or both. AYERS (1921 AYERS ( , 1930 found the visceral efferents emerging from the ventral roots in Amphioxus and Myxinoid and suggested the presence of similar visceral efferents in the lamprey. GOODRICH (1930) stated that the visceral efferents arise from the dorsal root nerves in the lamprey. On the other hand, JOHNELS (1956) described the presence of visceral efferents emerging from both the dorsal and ventral roots. It is not certain whether the monoaminergic nerve fibers are present in these spinal efferents. If they exist, then it seems probable that the monoaminergic neurons might be present in the spinal cord of the lamprey.
These observations were made to prove the presence of monoaminergic neurons in the lamprey spinal cord.
In mammalian intestinal wall, no adrenergic neuronal somata seem to be present, although the adrenergic fibers are found around the neurons of the plexus of Auerbach and in the muscle layer (NORBERG, 1964; HOLLANDS and VANOV, 1965) . The presence of neuronal somata and fibers in the intestinal wall and that of the ganglion dorsal to the caudal end part of the ureter have been described in the lamprey (JOHNELS, 1956) . It is not clear, however, whether the monoaminergic neural elements exist in these tissues. In the present study, these tissues were examined by using the Falck-Hillarp method for the demonstration of cells containing biogenic monoamines (FALCK and OWMAN, 1965) .
Materials and Methods
Adult river lampreys collected in winter (Lampetra japonica) were chiefly used as in the previous study on the lamprey brain (HONMA, 1969) . Several adults and ammocoetes of brook lampreys (Lampetra planeri) were also used. Method after FALCK and HILLARP (FALCK and OWMAN, 1965) was employed as in the previous studies (HONMA, 1969 (HONMA, , 1970 . The tissues examined were the spinal cord, the intestine and the ganglion dorsal to the ureter of the caudal end part. As the specificity test for monoamine fluorescence, comparison between the formaldehyde-treated and nontreated specimens, reserpine administration (reserpine, Ciba; about 3 to 15mg/kg) and sodium borohydride reduction of fluorescence were tried (CORRODI et al., 1964) . *A part of this paper was presented in the 47th general meeting of the Physiological Society of Japan (HONMA, 1970 The axons ran ventrally in almost all cases (Fig. 2) . It was impossible to follow the processes to the dorsal or lateral direction for a long distance. Near the ventral surface of the spinal cord, a pair of fluorescent areas were seen on each side of the central canal. These areas showed accumulations of fine fluorescent spots, which seemed to be the cut surfaces or endings of the axons of the fluorescent neurons in the cord. In horizontal, cross ( Fig. 3 ) and sagittal sections (Fig. 4) , these areas were seen as the accumulations of fluorescent spots. It was supposed that if some of the fluorescent axons in the cord ran longitudinally in the areas, their length seemed to be very short.
Most of them seemed to end near the ventral surface of the cord.
No fluorescence was recognized in or around the dorsal cells; giant interneuron and other small neurons which were present laterally to these large neurons. The
Muller and Mauthner fibers also did not fluoresce (Fig. 5) . The ampullary enlargement of the caudal end of the spinal cord was omitted from the present observation
The fluorescent neurons and fluorescent areas were also found in the adult brook lamprey and its ammocoetes, but it was difficult to find those relations between them as seen in the adult river lampreys.
Blood vessels to the caudal end part of the intestine Fluorescent fibers with varicosities were found in the wall of the blood vessels to the caudal end part of the intestine. They seemed to enter the intestine, but it was impossible to follow them to termination on other neural elements or muscles of the intestinal wall (Fig. 6, 7 ). These fibers were confirmed to be present in the vascular wall by the Bodian method.
Ganglion present dorsally to ureter of the cloacal region Dense accumulations of fluorescent fibers and cell bodies were encountered in the vicinity of the ureters of the cloacal region (Fig. 8, 9 ). Some fluorescent fibers seemed to pass the ganglion through and ran directly to the viscera ( in the muscle layer of almost the intestine (Fig. 10 A) . Large type neurons, about leaving from the somata (Fig. 10 B) (Fig. 11) . By the Bodian method, large type neurons could easily be silver-impregnated, but neurons corresponding to the small type could not be demonstrated. The fluorescent fibers seem to enter the ganglion, or to leave the ganglion Fluorescence specificity of monoamines Ten hrs after an intraperitoneal injection of reserpine in a dose as high as 15mg/kg body weight, a remarkable reduction in fluorescence was seen as compared with non-reserpinized control specimens. Fluorescence of the neural elements found in this examination was seen to disappear by sodium borohydride treatment under direct fluorescence-microscopic observation.
In the case of the fluorescent Fig. 10 . Typical large and small types of intestinal neurons. A: A large type fluorescent neuron of the intestine. From its soma an axon is just leaving. (CORRODI et al, 1964) . In all the control specimens not treated with formaldehyde gas, neural elements did not fluoresce.
Discussion
By the simple monoamine fluorescence specificity tests above described, all the fluorescent neural elements shown in the present study were supposed to be monoaminergic, although further chemical analysis and microspectrophotofluorometry must be done to confirm it. These fluorescent neural elements seem to exert sympathetic influences on the viscera of the lamprey, referring to the reports that the intestine of the myxine responds to catecholamines as in higher vertebrates (FANGE, 1948; EULER and OSTLUND, 1957; FANGE and JOHNELS, 1959) .
Do the monoaminergic neurons found in the spinal cord send out axons into the spinal nerves?
A few dorsally directed processes were encountered but could not be followed into the spinal nerves, in either dorsal or ventral roots. On the other hand, the fluorescent fiber-like structures were found both in the dorsal and ventral roots. In addition, fluorescent fibers were seen to run around the notochord and seemed to travel to the viscera in the case of the brook lamprey, though it was not confirmed in the present preparation whether these fibers emerged from the dorsal or ventral or both roots. The root through which the monoaminergic fibers emerge is uncertain, and it is unknown whether the fluorescent neurons in the spinal cord could be the sources of the visceral monoaminergic efferents deriving from the spinal nerves.
These problems need further precise examination and are now under investigation.
What is the destiny, on the other hand, of the axons toward the ventral side? There are no intramedullary blood vessels, while the network of blood vessels exist in the pial membrane (KAPPERS et al., 1936; SCHULTZ et al., 1956) . If the axons of the fluorescent neurons in the cord are proved to be related to the blood vessels in the pial membrane on the ventral surface of the cord, it is conceivable that their monoamines would be released into the capillaries there and circulate through the whole body to exert some physiological functions as in the case of adrenal medullary tissue of higher vertebrates.
Electron microscopical investigations must be done to see the relations between the fluorescent axons and capillaries.
In any case, the function of the spinal fluorescent neurons is quite uncertain.
In the mammalian spinal cord, fluorescent descending fibers from the brain stem form a network on the lateral horn cells, i.e., sympathetic preganglionic neurons, with a few fibers directly going into the ventral roots without interneurons (CARLSON et al., 1964; DAHLSTROM et al., 1965 a, b, c; KONISHI, 1968) . In the lamprey, neurons which correspond to the sympathetic preganglionic neurons of higher vertebrates seem not to be identified, except the presumable postganglionic neurons in different viscera such as the testis, kidney, ureter, intestine and cloacal part (JOHNELS, 1956) . Fluorescent descending fibers are unlikely to be present in the lamprey either, referring to the findings that, in the cross, horizontal and sagittal sections of the cord, the fluorescent structures were represented by spots instead of lines. If such descending fibers are present, it is conceivable that the neurons found in the inferior part of the optic lobe might be their source, though the axons of the neurons were not traced in the previous work on the lamprey brain (HONMA, 1969) .
Ontogenetically, it has been said that in many higher vertebrates the sympathetic postganglionic neurons originate from neuroblasts which developed from the neural crest (YNTEMA und HAMMOND, 1947) . On the other hand, the primordial intestinal neurons have been said to migrate into the gut along the vagal nerve in fishes and amphibians (KUNTZ, 1911 a, b) or along both sympathetic and vagal nerves in the dog fish (MULLER, 1920) . The enteric plexus is said to derive from the spinal sympathoblasts in amphibia (CAMPENHOUT, 1930) . It seems probable that in higher vertebrates with commissural sympathetic ganglia, no fluorescent neurons may be present in the spinal cord even in selachians with incomplete commissural sympathetic connectives (YOUNG, 1933) . It is conceivable also that in phylogeny the neurons similar to these fluorescent ones in the spinal cord of the lamprey may migrate out through the spinal nerves and may be collected into the sympathetic ganglia of selachian type. After this phylogenetic stage ganglionic commissural fibers may develop.
Some of the visceral fibers are found to pass through the dorsal roots, whose origins have been traced to the cells in the spinal cord, probably to the so-called dorsal cells (JOHNELS, 1956 ). These fibers might be visceral afferents or cholinergic or other non-cholinergic fibers, as dorsal cells did not fluoresce. It may be worthwhile to add that some electrophysiological data suggest that these cells are sensory in nature (ROVAINEN, 1967) .
Summary
The spinal cord and intestine of the lamprey (Lampetra japonica) were examined with regard to the occurrence f monoaminergic nerve elements by using the FalckHillarp method.
1. In the spinal cord fluorescent neurons were found near the central canal along the whole length of the cord. Their axons seemed to run chiefly to the ventral side.
2. A pair of fluorescent areas showing fluorescent spots which presumably corresponded to the cut surfaces of the axons or endings of the fluorescent neurons were seen near the ventral surface of the cord.
3. The axons of the fluorescent neurons were supposed to form the fluorescent areas.
4. Neural elements in the wall of the intestine, in the blood vessels to the intestine of the caudal part and in the cloacal sympathetic ganglion (a tentative name for the ganglion present dorsally to the ureter and intestine of the cloacal region) were, as in the case of the intramedullary fluorescent neurons, assumed to be monoaminergic by referring to the simple specificity test for monoamine fluorescence.
5. It is unknown whether the fluorescent neurons in the spinal cord are the source of the fluorescent fibers in the spinal nerves, both in dorsal and ventral roots.
6. The significance of the fluorescent neural elements found in this examination were discussed with reference to the ontogeny and phylogeny of the commissural sympathetic chain and the enteric plexus.
